The soy sauce samples established a model for its flavour quality evaluation. Initially, 39 types of flavour compounds, organic acids and free amino acids in six different types of soy sauce were identified and determined by HS-SPME GC/MS and HPLC. The model was developed based on the principal component analysis method for assessing and ranking of flavour quality of soy sauce. Using the principal component analysis which simplifies complex information, our correlative evaluation model was established, tested by comparing the traditional sensory evaluation method, providing a new methodology for objective evaluation of the flavour quality of soy sauce.
Soy sauce is a traditional condiment widely used in China with the annual production of soy sauce around 5 million tons, with the sales value of around 20 billion Yuan Renminbi (Chinese currency). It is made from a mixture of soybeans and wheat using a well-established two-step fermentation process which not only imparts a delicious flavour but also facilitates digestion (Kataoka 2005) .
Chinese soy sauce is an essential traditional condiment with more than 3000 years of history in China (Zhang & Tau 2009 ). The process of soy sauce fermentation production has been based on the enzymatic activities of relevant microorganisms. Various agricultural product-based substrates were hydrolysed and fermented by enzymatic catalysis with suitable microorganisms during the process of soy sauce production. It involves complex multi-step enzymatic conversions with various microbial species to produce traditional soy sauce. Various metabolites are released after microbial autolysis constituting a rich sauce paste.
Soy sauce is a fermented product which includes volatile organic flavour compounds consisting of alcohols, esters, phenols, acids, and heterocyclics. Among them, the flavour compounds, amino acids and organic acids are important indicators of the quality evaluation of soy sauce. The flavour compounds make a critical contribution to the typical flavour of the soy sauce and classification of the type of soy sauce. Many types of flavour compounds were identified which add to the flavour of the soy sauce that can be detected using qualitative and quantitative methodologies. The reasons for the formation of soy sauce flavour is rather complicated, the processing of raw materials contributes to the flavour precursors. Flavour is produced during bacterial fermentation added to the soy sauce production process. soy sauce has been studied since the 1940s. With the continuing improvement of analytical instruments and technology, the composition of the soy sauce flavour compounds can be identified and quantified. However, there are large numbers of various soy sauce flavour compounds at low concentrations affecting the quality of the soy sauce flavour requiring further investigations. Currently, the sensory evaluation methodology is mainly used to examine the flavour of soy sauce. The flavour components are the main factors determining the quality of the soy sauce. Consequently, further research and analyses of the objective evaluation methods and system of soy sauce flavour quality are extremely important. It also enriches and improves the quality of the evaluation system of soy sauce which has important significance. Principal component analysis (PCA) is one of the most useful methodologies in applied linear algebra (Yang et al. 2009) . PCA is frequently used in all forms of analysis from neuroscience to computer graphics because it is a simple, non-parametric method of extracting relevant information from complicated data sets. With minimal additional effort, PCA provides a roadmap to reduce a complex data set to a lower dimension to reveal the sometimes hidden, simplified structure (He et al. 2004) .
With the development of chemometrics, pattern recognition is used to deal with experimental data in order to solve the problem of classification and qualification. For example, Lee and co-workers assayed fatty acids and three phthalic glycerols of vegetable oil by gas chromatography. The authenticity of sesame oil was identified using the principal component analysis of experimental data of Lee et al. (1998) . Setuer et al. assayed the olefin composition of fruit oil by gas chromatography and infrared spectroscopy. Different varieties of fruit oil were classified by using the principal component analysis of data (Setuer et al. 2001) . Keiko and Tetsuo (1999) tested various types of soy sauce using infrared spectral properties and pattern recognition.
PCA is an orthogonal transformation that allows the building of more compact linear combinations of data, which is optimal with respect to the mean square error criterion. The new orthogonal basis is composed of vectors known as principal components (Aires et al. 2000) .
Principal component analysis is a common method of statistical pattern recognition. Principal component analysis uses dimensionality reduction to exclude overlapping chemical data. It makes a few new variables which are linear combinations of original variables as required by the representative data structure of original variables without loss of information. These new variables were arranged by the decreasing order of variance (Aceves-Lara et al. 2008) . Principal components of large variance contain the maximum amount of information. Generally, variance contribution of the first few principal components was large enough, basically reflecting the original variable information (Rhee et al. 2006; Park et al. 2010) . Thus, most of the information of the original multidimensional space was expressed by low-dimensional space from the first several principal components (Fonville et al. 2010; Worden et al. 2011) .
We propose using principal component analysis to create a soy sauce flavour quality evaluation model. Flavour components of soy sauce samples were analysed by an objective statistical analysis and to find an objective evaluation method better than the traditional sensory evaluation.
MATERIAL AND METHODS

Material.
Six soy sauce samples (S1-S6) purchased from the Chinese grocery stores at Wuxi. The soy sauces were prepared from soybeans, wheat, water, and salt without other additives. All were produced by the high salt liquid state fermentation process. The samples, which were representative soy sauce brands from various regions in China, were light brown in colour.
Determination of conventional physical and chemical indicators. Amino nitrogen: formol titration method (Boutry et al. 2008) ; total nitrogen: Kjeldahl method (FOSS-TECATOR Instrument Co., Ltd, Höganäs, Sweden; Model 2300) (Barros et al. 2002) ; total acids: alkali titration method (Erinc et al. 2009 ); soluble saltless solid: drying constant weighing method (Li et al. 2010a) ; reducing sugars: DNS colorimetry method (Baer et al. 2010) .
Determination of organic acids. For determination of organic acids, 5 ml samples were precipitated by 5 ml of absolute ethanol and settled for 30 min at ambient temperature to remove large peptides and then centrifuged at 10 000 rpm for 10 minutes. The supernatant was filtered through 0.22 μm filter. The 200 μl sample solution was analysed. Organic acids were determined by the Agilent 1200 HPLC under the following condi-tions: Agilent ZORBAX SB-Aq column (150 × 4.6 mm, 5 μm), column temperature at 30°C, the injection volume 10 μl and the detection wavelength 210 nm, flow rate 0.5 ml/min for the mobile phase containing 0.5% (w/v) acetonitrile, 99.5% (v/v) 0.02M KH 2 PO 4 (pH adjusted to 2.0 with phosphoric acid).
Determination of amino acids. For determination of individual free amino acids, 10 ml samples were precipitated by 50 ml of 10% trichloroacetic acid (TCA) for 2 h at ambient temperature to remove large peptides and then centrifuged at 10 000 rpm for 10 minutes. The supernatant was filtered through 0.22 μm filter. The 200 μl sample solution was analysed. Amino acids were determined with the amino acid analyser (Agilent Technologies, Santa Clara, USA)under the following conditions: column at 40°C, injection volume 20 μl, detection wavelength 338 nm, flow rate of the mobile phase 1 ml/minute. Composition of the mobile phase was as follows: A phase: 8.0 g sodium acetate crystals were added into the 1000 ml beaker, then 1000 ml water was added and stirred until all the crystals were dissolved in water. Thereafter, 225 μl triethylamine was added, stirred with pH adjusted to 7.20 ± 0.05 with 5% (w/v) acetic acid and 5 ml tetrahydrofuran was subsequently added. The resulting system was ready for use. B phase: 8.0 g sodium acetate crystals were added into the 800 ml beaker with 400 ml water and stirred until all the crystals were dissolved in water. The pH was adjusted to 7.20 ± 0.05 with 5% (w/v) acetic acid. This solution was added to 800 ml methanol and 800 ml acetonitrile and used after mixing. The gradient elution methodology was used. The linear elution gradient was A:B (by volume) from 100:0 to 50:50 for 0-17 min, 50:50 to 0:100 for 17-20 min, and 100:0 for 20-24 minutes. Each amino acid was identified by comparing the samples with a standard (Sigma-Aldrich Co., St. Louis, USA) analysed under the same conditions and quantified by the calibration curve of the authentic compound.
Volatile flavour compounds collection by SPME. 10 ml of the soy sauce sample was placed into a 15 ml headspace vial and pre-equilibrated for 15 min at 50°C in a thermostatic bath with a vial capped using a silicon septum. Afterwards, a stainless steel needle, in which 85 μm polyacrylate (PA) (Swagelok, Solon, USA) fibre was housed, was pushed through the vial septum. The fibre was pushed out of the housing and exposed to the headspace (3 cm in depth) at 50°C for 40 minutes. After extraction, the fibre was pulled into the housing, and the SPME device was removed from the vial and inserted into the injection port of GC for thermal desorption of the analysis.
Determination of volatile flavour compounds. Gas chromatography tandem mass spectrometry 1200 L GC/MS-MS (Varian Co., Palo Alto, USA) was used. Chromatographic conditions: the column was DB-WAX, 30 m × 0.25 mm×0.25 μm capillary column, carrier gas helium gas, 0.8 ml/min for flow rate. Temperature program: initial temperature at 40°C, maintained for 4 min, heating rate at 6°C/min to 160°C, then heating rate at 10°C/min rate to 220°C and maintained for 6 minutes. Mass spectrometry conditions: interface temperature 250°C, ion source temperature 200°C, ionization mode EI, electron energy 70 eV, detection voltage 350 V, emission current 200 μA. The chromatography peak identification was carried out by comparing their mass spectra with those of the bibliographic data on known compounds from the WILEY 6 library and NIST 98 library (both Hewlett-Packard Co., Palo Alto, USA) mass spectral database on the basis of the criterion similarity (SI) > 800 (the highest value is 1000). According to the method (Wanakhachornkrai & Lertsiri 2003) approximate quantification of volatile compounds was estimated by the external standard of peaks on the total ion chromatogram using Xcalibur software (Vienna, USA). Qualitative analyses were based on retention index and mass spectral data of authentic substances, unless otherwise indicated. Each flavour component was identified by comparing with the analytical grade standards purchased from Sigma-Aldrich Company (St. Louis, USA) under the same conditions and quantified by the calibration curve of the authentic compound. All analyses were performed in duplicate.
Development of index evaluation model. Correlation matrix of principal component analysis was used to analyse the data in different soy sauce samples. Data was evaluated according to the differential linear combination and the contribution rate was obtained by principal component analysis. Specific steps are as follows:
(1) P indexes of m samples were regarded as p random variables, denoted by X 1 , X 2 , ..., X p , principal component analysis is to change the p indicators for discussion a linear combination of p indexes. These new indicators F 1 , F 2 , ..., F k (k ≤ p) according to retain the principles of main information to entirely reflect the information of original index. These indicators are independent of each other as the first principal component, the second principal component, ... and so on of the original variable, expressed as:
(2) Each principal component corresponding to the eigen value l i (i = 1, 2, …, k) divides the total characteristic value as weight and linear weighted sum required by the general evaluation index (GEI):
Finally, according to the GEI value sort the index of related indicators.
Sensory evaluation. Quantitative descriptive analysis was applied for evaluation of the samples, using a 20 cm line scale, by a well-trained panel consisting of 10 trained evaluators. Soy sauce sample (50 ml) was prepared in a disposable plastic cup, covered with a plastic petri dish and served to the panellists at 25°C. The program started with the observation of colour, detection of the flavour and taste of the relish. Quantitative descriptive analysis was performed on all the samples, divided randomly into four sessions involving six samples each. Each sample was coded with a three-digit random number. In each session, samples were presented randomly to each panellist. All samples were evaluated once.
Statistical analysis. To verify the statistical significance of all results, the values of means and standard deviations (SD) were calculated. The results were processed using a one-way analysis of variance (ANOVA). The P < 0.05 was adopted as statistically significant. All data are means and standard deviations of three determinations. The software used for analysis was SPSS 17.0 for Windows (SPSS Inc., Chicago, USA).
RESULTS AND DISCUSSION
Conventional physical and chemical indicators of different soy sauce samples
The pH values of the six different soy sauce samples were between 4.47 and 4.53. In the soluble saltless solid index, S6 sample concentration was the highest and reached 16.07% (w/v). Total nitrogen contents of S2, S3, S4, and S6 samples were similar and S3 sample was the highest at 1.45% (w/v). Amino nitrogen contents of S4 and S6 were similar, 1.11% (w/v) and 1.12% (w/v), respectively. As shown in Table 1 , the total acid content of S6 was the highest at 0.18% (w/v) and reducing sugars were 1.096% (w/v). The total acid content of S1 was the lowest at 0.11% (w/v) and reducing sugars were the highest at 1.57% (w/v). It was rather difficult to determine from the above index analysis which type of soy sauce samples was better. Consequently it was necessary to explore a more suitable evaluation method.
Determination of the results of flavour components in different soy sauce samples
Based on our previous study, volatile flavour compounds were produced and analysed by solid phase micro-extraction mass spectrometry and with the spectra of six different soy sauce samples and 39 types of major volatile flavour compounds in fixed concentrations (Table 2) . Different soy sauce samples contain alcohols, phenols, esters, aldehydes, heterocyclics which are volatile flavour components. All contain 13 types of alcohols, 4 types of phenols, 9 types of esters, 7 types of aldehydes and 6 types of heterocyclics, a combined total of 39 types.
Principal component analysis and evaluation results of volatile flavour compounds in different soy sauce samples
In the principal component analysis, in order to eliminate the influence of dimensional data types and size of the absolute value, raw data need to be standardised and weighted. Indicators of the original volatile flavour compounds were standardised by Z-Score and the standardised sample correlation matrix is shown in Table 3 , which were coded as ZS1, ZS2, ZS3, ZS4, ZS5, and ZS6 to express the six different soy sauce samples which were standardised.
The indexes of the content of the volatile flavour compounds for principal component analysis by SPSS 17.0 software and correlation matrix characteristic value and feature vectors are shown in Tables 4 and 5, respectively. Extraction principle of the number of principal components is the principal component corresponding to the characteristic value of the first m principal components which are higher than one. Eigen values can be considered in an index that affects the intensity of the principal components. If the characteristic value is lower than one, it explains that the explanatory power of principal components is lower than the average explanatory power of the original variables. Generally, if eigen value is higher than one, it can be used as an inclusion criterion. As shown in Table 4 , the first five eigen values were higher than one. Therefore, the number of principal components can be identified as five. The accumulated variance contribution rate of the first five principal components reached 100% of the original information with no information loss. It met the requirement of statistical analysis.
As shown in Table 5 , the first five principal components were in linear relationship with the original 39 indicators. Therefore, the five new variables replaced the original 39 variables. The flavour components of soy sauce were classified according to the principal component analysis. However, it cannot fix the superiority and inferiority of soy sauce samples through the numbers of flavour components. Therefore, it is essential to construct the general evaluation index of volatile flavour compounds to evaluate the quality of soy sauce samples. Each principal component corresponding to the eigen value divided the total characteristic value as weight and linear weighted sum required by the general evaluation index.
Principal component analysis was used to construct indices of volatile flavour compounds for six different soy sauce samples and the evaluation results are shown in Figure 1 . It is apparent from Figure 1 that the value of the general evaluation index of volatile flavour compounds in various soy sauce samples was significantly different. According to the data from the general evaluation index analysis of volatile flavour compounds, the volatile flavour compounds index from the superior to the inferior was S4, S3, S2, S1, S6, S5, respectively.
Evaluation results of free amino acids and organic acids in different soy sauce samples
The HPLC method was used to produce and analyse free amino acids and organic acids of six different soy sauce samples with fixed concentration (Tables 6 and 7 ). As shown in Table 6 , the soy sauce samples contain 17 types of free amino acids because different soy sauce samples contain different free amino acids. As shown in Table 7 , different soy sauce samples contain 10 types of organic acids: oxalic acid, tartaric acid, formic acid, pyruvic acid, malic acid, lactic acid, analysis of free amino acids revealed that the free amino acids index from the superior to the inferior was S6, S4, S5, S2, S3, S1, respectively. The analysis of data from the general evaluation index analysis of organic acids indicated that the organic acids index from the superior to the inferior was S1, S6, S5, S2, S3, S4, respectively. The above analyses show that three types of indicators to determine the superiority of the general evaluation index of soy sauce are different. Therefore, in order to obtain the reliable result, it is necessary to consider the weight relationship of the three evaluation indexes.
Total evaluation results of volatile flavour compounds, free amino acids and organic acids in different soy sauce samples Indicators of the original volatile flavour compounds, free amino acids and organic acids were Indicators of the original free amino acids and organic acids were standardised using Z-Score. The indexes of the content of free amino acids and organic acids for principal component analysis were analysed by the SPSS 17.0 software. Finally, each principal component corresponding to eigen value divided the total characteristic value as weight and linear weighted sum required by the general evaluation index of free amino acids and organic acids (Figures 2 and 3 Each value is presented as mean ± standard deviation (n = 3) standardised using the Z-Score again. The indexes of the content of volatile flavour compounds, free amino acids and organic acids for principal component analysis were analysed by the SPSS 17.0 software. Finally, each principal component corresponding to the eigen value divided the total characteristic value as weight and linear weighted sum required by the total general evaluation index (Figure 4 ). It is apparent from Figure 4 that the data from the general evaluation index in various soy sauce samples were significantly different. The analysis of data from the general evaluation index Each value is presented as mean ± standard deviation (n = 3) revealed that the total index from the superior to the inferior was S4, S3, S2, S5, S6, S1, respectively.
Model validation
In order to test the flavour quality evaluation of soy sauce and the general evaluation index, the traditional sensory evaluation method comparing the flavour quality evaluation of soy sauce based on the results of general evaluation was adopted. Initially, sensory evaluation was conducted by 10 trained evaluators using coded samples. The sensory values were determined based on the sensory evaluation of the average value of the same solution by various evaluators. Observations of the colour, then the smell of the flavour and subsequently the taste of the relish were done according to the program. Weighted distribution of soy sauce sensory attributes (Liu 2004; Li et al. 2010a,b) and soy sauce sensory evaluation by quantitative descriptive analysis are shown in Tables 8 and 9 , respectively. According to the indicators of fermented soy sauce, the experiment utilised the point system to evaluate soy sauce. The results of sensory evaluation for soy sauce samples are shown in Table 10 . It is apparent from Table 10 that sensory evaluation scores in various soy sauce samples were significantly different. The analysis of the sensory evaluation scores showed that the index from the superior to the inferior was S4, S3, S2, S5, S6, S1, respectively.
Comprehensive weighted score and comparison with the total evaluation results are shown in Figure 5 . These results were consistent with the conventional sensory evaluation which indicates that the model is acceptable and very useful for assessing the flavour quality of the soy sauce.
CONCLUSIONS
On the basis of our studies of the Chinese traditional soy sauce, the model for flavour quality evaluation of soy sauce was established. Initially, 39 types of flavour compounds in six different types of soy sauce samples were identified and determined by headspace solid phase micro-extraction gas chromatography-mass spectrometry. Organic acids and free amino acids were analysed by the HPLC method. The model was based on the principal component analysis method for assessing and ranking of the flavour quality of the soy sauce. It has been proved to be very useful for the evaluation of the flavour quality model for six types of soy sauce. Our results show that S4 sample is the best, followed by S3, S2, S6, S5, S1, which are completely consistent with the established method.
The evaluation model of soy sauce flavour quality based on principal component analysis, by comparing the traditional sensory evaluation method to further test the model showed that both methods have good consistency, substantiating that the proposed method is feasible. Consequently, in the flavour quality evaluation of the soy sauce, using principal component analysis which simplifies the complex information as well as our correlative evaluation model has been formulated, thus providing a new methodology for the objective evaluation of the flavour quality of soy sauce.
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